We compare data from a survey of ostracode species carried out during 1994-1998 from Northern Italian ricefields with data from the same area collected in the '60s. Twenty-five species were recorded during a survey of 19 ricefields in 1994-98 as against 46 species found in 16 ricefields over thirty years ago. Three of these species (Ilyocypris biplicata, Chlamydotheca incisa and Chrissia sp.), as well as six among the 27 species found in the '60s but not recorded during 1994-1998, were found in Italy only in the ricefield habitat. Three species were recorded for the first time in Italy: Hemicypris dentatomarginata, Ilyocypris monstrifica and Chrissia sp. Eight taxa (Chlamydotheca incisa, Chrissia sp., Cypretta turgida, Dolerocypris sinensis, H. dentatomarginata, Isocypris beauchampi, Strandesia spinulosa and Tanycypris pellucida) were considered endemic to South America, Africa or Asia and are thought to have been introduced to Italy with useful plants, notably rice varieties. The recording of these species indicates once again the importance of man as an agent for passive dispersal of ostracode and the role of ricefields as a suitable habitat for new exotic colonising species. Heterocypris incongruens is the most widespread species and several other species (D. sinensis, Cypridopsis vidua, Ilyocypris gibba and Isocypris beauchampi cicatricosa) were found in more than 50% of the ricefields sampled: 40% of the species occur in just one or two ricefields. In Northern Italy today, species similarity between ricefields is inversely related to their geographic distance but is not spatially structured. This may be due to the fact that, in ostracodes, the production of passive dispersal resting eggs constrains regional differentiation. Species richness is significantly related to the amount of cultivated area. The decrease in species richness observed over the last thirty years or so may be related to the widespread use of pesticides in local current agricultural practices.
INTRODUCTION
A considerable amount of effort was devoted to describing the taxonomy and distribution of recent freshwater ostracodes in Italy by Prof. A. Moroni (1967a, b, c) during the 1950s and the early '60s. His work was complemented by the publication of a guidebook for the identification of Italian freshwater ostracodes (Ghetti & McKenzie 1981 ) and a list of ricefield species (McKenzie & Moroni 1986) . Further data on the Recent freshwater ostracodes of Italy are relatively scarce.
Many Italian species are known only from temporary habitats. Their success depends on survival through the dry period by resting eggs and diffusion, specially for Cypridoidea, via a passive dispersal by birds, wind, and with the seeds of useful plant (McKenzie & Moroni 1986; Baltanas 1992) . Moreover, their colonisation is extremely efficient because of the parthenogenetic mode of reproduction that is typical of most non-marine ostracodes (Martens 1998) . Nevertheless, passive dispersal cannot completely explain recent distribution patterns of freshwater ostracodes and local interactions among species, abiotic factors and anthropogenic influences likely also affect species richness and dispersal (Victor & Fernando 1982; Shurin et al. 2000; Bilton et al. 2001) . Historical events must also have played an important role. In 1986, McKenzie & Moroni discussed the dispersal of ostracode species via rice (Oryza sativa) and reported the presence of "ospiti esteri" in the Italian ricefields. Of a total of 46 species they recorded, 13 were species foreign in origin but occurring in Italy particularly in the ricefields habitat. Most of these species are Asian and are supposed to have been introduced in Italy along with such useful plants as rice and hemp (McKenzie & Moroni 1986) . The cultivation in Italy of tobacco, maize, tomato, capsicum and chilis might well account for the occasional presence of South American "ospiti esteri" such as Chlamydotheca incisa; the Australian species Ilyodromus viridulus likely arrived in Northern Italy with rice seed introduced for experimental purposes. Isocypris is an endemic African genus now represented also by several Recent European species (Fox 1963) . It has no fossil record in Europe, where no bisexual populations are known. It possibly arrived in Europe with Egyptian wheat or cotton or even with gold dust from Central Africa, diversifying subsequently from the African species.
Ricefields are temporary, summer, environments characterised by rapid physical and chemical changes, ecological succession and a relatively brief history. In European countries, ricefield ecosystems are characterised by periodical cycles of submersion and drying. In its aquatic phase, due to low water level and high temperature, a ricefield is characterised by high productivity (Ferrari et al. 1991; Fernando 1993; Leoni et al. 1999) . In Northern Italy, a dramatic increase in rice cultivation was achieved between 1853 and 1866 when, in the Vercellese area (Piedmont), a very efficient irrigation system was installed. At present, the Northern Italian ricefields represent an ecosystem of aquatic islands surrounded by a land area of about 200,000 ha, of which 90% lies between Novara, Vercelli and Pavia (www.enterisi.it), encompassing much of the Po Plain (Pianura Padana). The analysis of this habitat should be relevant for the evaluation of some very recent events that appear to have affected the richness and biogeography of non-marine ostracodes in Northern Italy. In sum, this paper represents an update of the work that Moroni (1967a, b, c) and, later, McKenzie and Ghetti (Ghetti & McKenzie 1981; McKenzie & Moroni 1986 ) completed a generation ago.
MATERIAL AND METHODS
Sampling was carried out from 1994 to 1998, in 19 ricefields ( Fig. 1 ) mainly located in Northern Italy. The qualitative samples were collected by sweeping the water column just above the sediment with a hand net (25 cm diameter, 20 µm mesh-size). Samples were fixed in 4% neutralised formaldehyde, in order to prevent decalcification of ostracode valves and transferred to 70% methyl alcohol as soon as possible. Dissection, staining and mounting procedure followed Danielopol (1982) using a Wild M8 stereomicroscope and Zeiss optical microscope. Classification of species and their taxonomy is based on: Sars (1928) , Klie (1938) , Bronshtein (1947) , Ghetti & McKenzie (1981) , Meisch (1984 Meisch ( , 1985 and Meisch et al. (1990) .
Statistical analysis
For data reduction according an optimal scaling procedure, homogeneity analysis by means of alternating least squares (HOMALS) was performed to describe the relationships between two or more nominal variables in a low-dimensional space (Dimension 1 and Dimension 2) containing the variable categories as well as the objects in those categories. This analysis is used to discriminate between ricefields according to their species' composition. To verify if the objects (ricefields) plot close to each other according to their geographical distribution, a regression analysis was performed between latitude and longitude and the numerical values (Dimensions 1 or 2) assigned to the cases (objects-ricefields).
Regression was performed between the species similarity index and geographical distance for each pairwise ricefield. Species similarity between pairwise ricefields was computed according to the formula:
where Na is the number of species detected in ricefield a, Nb is the number of species detected in ricefield b and Nab is the number of species shared by ricefield a and b. Geographical distance between pairwise ricefields was computed according to the formula:
where x and y are the latitude and longitude of each pairwise ricefield (ricefield a and ricefield b) expressed in decimal units. All statistical analysis was performed using SPSS software.
RESULTS
The 25 ostracode species collected during 1994-1998 comprised one limnocytherid, four ilyocypridids, a candonid and 19 cypridids (Tab. 1). This represents a considerable diminution in number relative to the earlier sampling period. Further, only 19 species in the '60s were found again in the '90s survey.
The only candonid recorded previously that was found again in 1994-1998 was Pseudocandona albicans (Brady 1864) -a senior synonym of P. parallela (Müller 1900) recorded by Ghetti & McKenzie (1981) . The single limnocytherid was Limnocythere inopinata (Baird 1843); the four ilyocyprids included three species found in the earlier survey plus Ilyocypris monstrifica Norman, 1862. This latter species is a new record for Northern Italy. The 19 cypridid species include seven of the 13 "ospiti esteri" recorded by McKenzie & Moroni (1986) , plus Hemicypris dentatomarginata (Baird 1859) and Chrissia n. sp. both new records for Italy. Of the remaining 11 species, seven were recorded in the '60s and two, Bradleystrandesia fuscata and Plesiocyprodopsis newtoni, represent other new records for the ricefields habitat. Like the limnocytherid, ilyocypridids, and the candonid all are common European species. The occasional occurrence of such common species in Italian ricefields is also referred to in Fox (1965) .
Of the three new records: I. monstrifica was collected in a Piedmont ricefield (Saluggia); H. dentatomarginata was rather widespread, occurring in five ricefields of Piedmont, Lombardy, Venetia and Sardinia and Chrissia n. sp. was found in six Piedmont ricefields as well as in a Sardinian ricefield (Pontile).
Only two of the 25 species recorded in 1994-1998 are bisexual in Northern Italy, namely I. monstrifica and Pseudocandona albicans: both were found in only one ricefield, Saluggia (VC) and Livorno Ferraris (VC), respectively.
Five species -Cypridopsis vidua, Ilyocypris gibba, Dolerocypris sinensis, Heterocypris incongruens and Isocypris beauchampi cicatricosa -were recorded in more than 60% of the ricefields sampled, while 40% of the species were recorded in only one or two ricefields (Fig. 2) . In two Western ricefields [Livorno Ferraris (VC) and Gionzana (NO)] 60% and 48% respectively of the total species were identified; whereas in four other ricefields [Villa Garibaldi (MN), Vigasio (VR), Cabras and Pontile (OR)] 20% or less of the total species were collected (Fig. 3) . table 1 ).
The analysis of species composition (presence or absence of 25 species in different ricefields) does not permit the plotting of sites according their geographic distribution ( Fig. 4) . Neither Dimension 1 nor Dimension 2 is statistically correlated to latitude or longitude. Species similarity between ricefields is negatively related to geographic distance (R 2 = 0.26, F = 579.980, p >0.001) (y = -0.05x + 0.58) (Fig. 5) .
Considering the several provinces of the Po Plain region (Vercelli (VC), Novara (NO), Pavia (PV), Reggio Emilia (RE), Mantova (MN), Verona (VR) and Ferrara (FE)) the number of species per ricefields is, on average, higher in Western than in Eastern ricefields (VC = 9.8, NO = 8.2, PV = 7.3, RE = 7, MN = 5, VR = 3, FE = 7). However correlation between the species richness of an individual ricefield and longitude is not statistically significant (R 2 = 0.18, F = 3.717, p = 0.071). On the other hand, the number of species per province is significantly related to the amount of area devoted to rice cultivation (R 2 = 0.67, F = 10.902, p = 0.021) (y = 0.0001x + 5.90) (Fig. 6 ).
DISCUSSION
During the last 30 or so years, the number of ostracode species in the ricefield of Northern Italy, based on our collections, has decreased from 46 to 25, and only 19 species recorded in the '60s were found once again in 1994-1998 (Tab. 1). Even allowing for possible synonymies in the earlier work, this represents a considerable diminution. Three species were recorded for the first time in Italy: Ilyocypris monstrifica, Chrissia sp. and Hemicypris dentatomarginata. Two other species, Bradleystrandesia fuscata and Plesiocyprodopsis newtoni, though not listed for ricefields by McKenzie & Moroni (1986) , were included in the Italian ostracode fauna by Ghetti & McKenzie (1981) .
Among the 27 species found in the '60s but not recorded during 1994-1998, Limnocythere cf. stationis, Ilyocypris inermis, Cypretta minna, Strandesia caudata, S. tonolli and Potamocypris smaragdina have been described, in Italy, only from the ricefield habitat (Veneri 2001 ). Most of these species, apart from Cypretta dubia and Cypridopsis obesa, were present in less than 20% of the ricefields sampled and occurred in Eastern ricefields that, thirty years ago, were the most rich in species.
In the '60s, the most widespread species, recorded in 50% of the ricefields, were Dolerocypris sinensis and Tanycypris pellucida. In the '90s, D. sinensis further increased its diffusion (68% of ricefields, in Piedmont, Lombardy, Emilia-Romagna and Venetia), while T. pellucida was found in only 21% of the ricefields (Piedmont and Lombardy). In fact, during 1994-1998 many species increased their diffusion in quantitative terms (percentage of presence per ricefield) as well as in qualitative terms (presence in more than one region). In the '60s, only 7 species were recorded in 20-40% of ricefields (Ilyocypris biplicata, Cypretta dubia, Heterocypris incongruens, Stenocypris major, Strandesia spinulosa, Cypridopsis obesa and C. vidua) and 61% of the total species were found in only one or two ricefields. Today, H. incongruens is the most widespread species (89% of ricefields) and, beside D. sinensis, several other species were found in more than 50% of the ricefields sampled -C. vidua (74%), Ilyocypris gibba (68%) and Isocypris beauchampi cicatricosa (68%). Moreover, 40% of the species occur in just one or two ricefields. H. incongruens, C. vidua and I. gibba are the most widespread non-marine species in Italy, while I. biplicata, Chlamydotheca incisa and Chrissia sp. are all considered typical of the ricefield habitat today (Veneri 2001) . The widespread and massive use of fertilisers, pesticides and herbicides in Northern Italy, which initiated in the early '60s (www.enterisi.it) may be related, per se, to the observed decrease in species richness as documented in similar cases (Kawatski & Schmulbach 1971; Kawatski 1973; Fernando 1993; Dodson et al. 2000; Hanazato 1998 ). On the other hand, some species (S. major and C. vidua, for instance) seem particularly resistant to pesticides such as carbofuran and endosulfan (Lim & Wong 1986) , and H. incongruens is very tolerant of organic pollution (Mezquita et al. 1999) . Thus, the dramatic modification of agricultural practices may rather have influenced interspecies competition and so led to a decline in species number.
Of a total of 13 "ospiti esteri" listed by McKenzie & Moroni (1986) only seven were found again in the '90s while two new species considered foreign in origin were recorded: Chrissia sp. and H. dentatomarginata. The former was found in the ricefields of Piedmont and Sardinia. The genus Chrissia was first described from Africa (Hartmann 1957) and also occurs in India and Malaysia (Victor & Fernando 1981 , 1982 . This is the first record of Chrissia in the Mediterranean region. H. dentatomarginata is an Indian species (Victor & Fernando 1981; Martens & Wouters 1985) that was found in the ricefields of Piedmont, Lombardy and Sardinia.
The recording of these species indicates once again the importance of man as an agent for passive dispersal of ostracode and cladoceran and the role of ricefields as a suitable habitat for new exotic colonising species (McKenzie & Moroni, 1986; Margaritora et al. 1987; Ferrari et al. 1991; Leoni et al. 1999) . We note that at least three of the none "ospiti esteri" species recorded in the '90s survey also occur in Italian temporary ponds and lakes. The third new record from our work, I. monstrifica is a well known European species. Additionally to our record, a bisexual population has been collected from a temporary pond in Sicily (G. Gentile, pers. comm.) and yet another population was recorded recently in Lombardy (G. Rossetti, pers. comm.). The only other bisexual species recorded during 1994-1998, as we noted earlier, is Pseudocandona albicans, and apart from our ricefields data its records from temporary ponds and lake also are all bisexual (Veneri 2001) , as is typical for Italian candonids (Ghetti & McKenzie 1981) . Two other species, Eucypris virens and H. incongruens, are parthenogenetic in Northern Italian ricefields but bisexual in temporary ponds in the South (Sicily and Pelagie Islands) (Crosetti & Margaritora 1982; Bellavere et al. 1999; Schön et al. 2000) .
In general, ricefields and temporary ponds are the habitats richest in species in Northern Italy and share many species (Veneri 2001) . Such results may be related to the productivity and seasonal heterogeneity of these habitats (Begon et al. 1996) and suggest that small temporary freshwater ponds and the ricefields distributed across a landscape act as "stepping-stones" for dispersing ostracode species and may be analogous to islands as indicated above. According to island biogeography theory, the number of species on an island should increase with island size and decrease with island distance from the mainland (McArthur & Wilson 1967) . We tested an hypothesis that the spatial functioning of these taxa is driven by species that enter the population through a "stepping-stone" colonising model, and then radiate away from the richer Eastern community by dispersal, thus creating a spatial pattern that would reflect the geographic distribution of the ricefields. In fact, no such spatial pattern was observed and the ricefields are not structured according to species similarity. This may be due to the fact that, in taxa such as ostracodes, the production of diapausing eggs capable of passive dispersal constrains regional differentiation. On the other hand, we observed that the number of species is significantly related to the amount of surface area devoted to rice cultivation in the provinces of Northern Italy. Moreover, the ostracode community in distant ricefields is more distinct than in ricefields that are closer together. The number of species per ricefield decreases from West to East according to a longitudinal cline in the amount of rice-cultivated area per province. This cline could be the result of historical factors. Since the 15 th Century (Simon 2001) , rice cultivation has become relatively widespread, especially in Piedmont and Lombardy and, as noted earlier, a further boost occurred in the second half of the 19 th Century in Piedmont. But this seems in contrast to the observation reported above, that in the '60s the Eastern ricefields were the most rich in species.
In general, we can conclude that the dispersal of species among habitat patches, and in particular humanmediated ones, local interaction and historical factors all may have had a role in affecting the richness and biogeography of non-marine ostracodes in Northern Italy.
In 1992, Baltanas compared the richness in cypridid ostracode faunas of adjacent Mediterranean areas: the Iberian Peninsula, France, Italy and North Africa. Bringing his Italian data up to date (Veneri 2001 ), 51% of Cyprididae species found in Italy are from ricefields and 7% are typical of this habitat. We end by suggesting that the higher number of Cyprididae species found in Italy may be related to the greater rice-cultivated area in our country (200,000 ha) with respect to France (18,700 ha), Portugal (23,000 ha) and Spain (114,300 ha) (www.enterisi.it).
